A new generation of mobile device users is coming of age in the next decade. These users can explore the mobile internet with its new features, services, and applications. Recently, an application platform like the Google's Android mobile platform has revolutionized open applications development for the mobile platform. As increasing number of companies expose their services as web services, enabling flexible mobile access to distributed web resources is a very relevant challenge. However, the current web is a collection of human readable pages that are unintelligible to computer programs. Semantic Web and Web Services have the potential of overcoming this limitation. Semantic web technology and the advent of universal and mobile access to internet services, provides additional features like knowledge-based, location or context aware information. For this, a standard ontology called Ontology Web Language for Services (OWL-S) is employed. The vision is to automatically discover services like Sensor Web Service, Geospatial Information Service, etc from mobile. In this work, we apply the above methods to the coastal sensor web.
INTRODUCTION
Most of the services available on the web are designed to be accessible from desktops and PCs. Accessing services anywhere and anytime, irrespective of the network is imperative to meet users' requirements. Two challenges arise, as mobile devices become increasingly widespread and as increasing number of companies expose their services as a Web service: enabling flexible mobile access to distributed web resources for advanced personalization and localization features. automatic discovery and invocation of web services. Mobile device technology with the influence of the internet is creating a lot of Web-based services so that people can have easy and 24-hour access from any location. In this work we adopt the Android SDK which is a set of tools developed by google to facilitate development of mobile applications using Java [6] .
Web services are modular, self-describing, and selfcontained applications that not only provide static information but allow the users to effect some change in the world. In the recent years, web service technologies have considerably grown in their application on e-business world. The widespread adoption of web services is mainly due to its simplicity and the data interoperability provided by web services components namely XML [7] , SOAP [8] and WSDL [9] . The current web service discovery mechanism is based on industry standard named Universal description, discovery and integration (UDDI) [10] which enables providers to register their services and make them available to the users. Because of the keyword based search mechanism performed by UDDI and because of the usage of XML for data description in web service infrastructures, the automatic discovery of service that satisfies the user's requirements is becoming difficult. UDDI guarantees syntactic interoperability, but does not provide a semantic description of its content. It does not provide support for search by service capabilities. Hence two syntactically identical XML descriptions may have very different meaning and vice versa.
Semantic interoperability is crucial for Web services. The Semantic Web [12] has the potential to provide the Web services infrastructure with the semantic information that it needs. It augments the web pages with semantic The vision is to develop an application framework using Android to interact with the web services using the OWL-S/UDDI matchmaker. The framework is used as a client for registering, discovering, and executing services like Sensor Web Service, Geospatial Information Service, etc from mobile. A service description for Coastal Sensor Web is created and is published in an OWL-S enhanced UDDI registry to participate in discovery process. Then, if the user places a request, OWL-S descriptions of the appropriate service satisfying the user's requirements is returned, by matching the query with the registered web services using the OWL-S/UDDI matchmaker. Finally, the execution of the discovered web service is done. The rest of the paper is structured as follows: Section 2 presents the related technologies and previous work done in the area of adding semantic capabilities to UDDI registries and mobile application platforms. Section 3 explains the modified OWL-S/UDDI architecture. Section 4 discusses the performance of semantic matchmaking. Finally section 5 summarizes and concludes the paper.
BACKGROUND

ANDROID
Android is a software platform and operating system for mobile devices, based on the Linux operating system, developed by Google and later by the Open Handset Alliance [6] . The four main features of Android are; open nature, application hierarchy, ability to combine information from the web with data on the phone, and Software Development Kit. The SDK is a set of tools provided to facilitate development of applications using Java. The most important of these are the Eclipse plugin and the emulator. The plugin automates the project creation process by creating necessary project framework files and populates them with enough content to start a simple application. The emulator is especially important for testing. A developer can interact with the emulator with a mouse and keyboard as if it were an actual device.
OWL-S
OWL-S is an OWL-based Web service ontology, which provides developers to describe the properties and capabilities of their Web services in such a way that the descriptions can be interpreted by a computer system in an automated manner. OWL-S markup of Web services facilitates the automation of Web service tasks, including automated Web service discovery, execution, composition and interoperation. OWL-S is characterized by three modules: Service Profile, Process Model and Grounding. The service Profile describes what the service does, including functional information such as inputs, outputs and other non-functional information (category, classification, etc), hence crucial in the web service discovery process. The Process Model gives a detailed description of how the service operates. Finally, the Service Grounding tells how to access the service.
Coastal Sensor Web
The Sensor Web links a remote end user's awareness with the observed environment. The coastal buoys collecting information are described using an interoperable framework OGC SensorML, which provides standard models and an XML encoding for describing any process, including the process of measurement by sensors and instructions for deriving higher-level information from observations. The information collected from the buoys can be queried by the user using Sensor Observation Services (SOS). The Sensor web enables the use of real or near real time data derived from coastal sensor networks and dynamic selection and aggregation of multiple sensor systems, meteorological and oceanographic simulations, and other decision support systems in a web services-based environment.
Related Work
In the last few years, semantic web services discovery has been a very active field of research. Also, a lot of applications are being developed using Android mobile platform. In this section, a review of the work in these fields is presented.
An approach to enhance UDDI with semantic information is made in [1] and [2] . In this paper, the authors present the architecture to augment UDDI registry with semantic information. They placed add-on modules on the registry side, which create special interfaces for processing semantic publications and queries separate from UDDI interface. The authors present an efficient matchmaking algorithm for semantic web service discovery.
Another approach is presented in [3] , where the authors propose a similar solution to the former, but they add a filtering mechanism based on namespace, text, domain, input-output and constraint. This mechanism progressively reduces the set of registered services being matched to improve the matching algorithm.
The authors in [4] showed another approach related to combination of UDDI and the semantic web. They present a new design and implementation which allows multiple external matching services to be integrated with a UDDI registry.
In the current market, a lot of mobile application platforms are available. The popular ones among them is the Java Platform, Micro Edition (Java ME) [5] . A slower application development and performance are the main disadvantages of Java ME. With Java ME, the middleware is strictly layered.
Google's Android mobile platform [6] overcomes these limitations by providing APIs to build richer applications. Android applications are supported by Dalvik Virtual Machine (DVM) enabling java-coded applications to work on Android cell phone. A lot of applications are being developed using the Android SDK.
In this paper, these two fields are combined by creating an application framework developed using Android SDK which automatically discovers the semantic web services. The matchmaking algorithm presented by authors of [1] is the algorithm adopted in this work for registering and discovering services in the coastal domain.
OWL-S/UDDI MATCHMAKER ARCHITECTURE
The architecture of the combined OWL-S/UDDI registry with mobile access is shown in Figure 1 . In order to obtain this, an OWL-S profile description is embedded in a UDDI data structure. The matchmaking component relies on publish and inquiry ports of the registry for its operation. That is, the UDDI component on receiving an advertisement through the publish port, processes it like any other advertisement. If the advertisement contains OWL-S Profile information, it forwards the advertisement to the matchmaking component which classifies the advertisement based on the semantic information it contains. The UDDI's inquiry port can be used to access the searching functionality provided by the registry, however these searches neither consider the semantic information present in the advertisement nor the capability description provided by the OWL-S Profile information. A capability port is added to the UDDI registry (Figure 1 ) to solve this problem. Using the capability port, the user can search for services based on the capability descriptions like inputs, outputs, pre-conditions, and effects (IOPEs) of a service. The queries received through the capability port are processed by the matchmaker component. The query response contains list of service keys of the advertisements that match the client's query. It also contains useful information like matching level and mapping about each matched advertisement. The matching level signifies the level of match between the client's request and the matched advertisement. The mapping contains information about the semantic mapping between the request's and advertisement's inputs-outputs. The selection and invocation of an appropriate service can be done considering this information.
In order to combine OWL-S and UDDI, the OWL-S/UDDI mapping mechanism described in [2] is adopted. The mechanism uses a one-to-one mapping if an OWL-S profile element has corresponding UDDI element. For elements with no corresponding UDDI elements, it uses a T-Model based mapping. 
RESULTS
The matchmaking algorithm performs the matching of inputs and outputs of the request against the inputs and outputs of all the advertisements in the matchmaker. The algorithm defines a flexible matching mechanism based on the OWL-S subsumption mechanism. On receiving a request, the algorithm finds an appropriate service by first matching the outputs of the request against the outputs of the published advertisement. Then the inputs of the request are matched against the inputs of the advertisements matched during the output phase. In the matchmaking algorithm, the degree of match between two outputs or two inputs depends on the match between the concepts represented by the service. The matching algorithm describes four degrees of match between two concepts. If Req out and Adv out represent the concepts of an output of a request and an advertisement, then the degree of match between Req out and Adv out [1] For publishing a web service, a user gives an OWL-S Profile as input to the matchmaker form the mobile application framework. The service defined by the profile is registered in the enhanced UDDI registry by the matchmaker. The registration of the service for the coastal sensor web (Figure 3 (a)-(b) ) is done from mobile. The registered services are stored in the database and later used for matching. The advertisements may have different inputs and outputs but they are present in a ontology loaded in the registry. Similarly, while querying for a service, the user gives an OWL-S Profile as input to the matchmaker. Then the user can select output and input concepts defined in the OWL-S Profile to be used for matchmaking. The matchmaker searches for advertisements based on the above algorithm and returns all the services matched with some degree of match (Figure 3 (c)-(d) ). Then the user can select the appropriate service for execution ( figure 3 (e)-(f) ).
CONCLUSIONS
In this paper, the UDDI registry is enhanced by combining it with the OWL-S to perform semantic search of web services. A generic matching algorithm is implemented that allows the discovery of the registered entities to be made. The algorithm makes a comparison between all the concepts that appear in the user's request allowing a greater flexibility in the searches. An application framework is developed using Android, to interact with the web services using the OWL-S/UDDI matchmaker. The coastal web services like SOS, SAS, etc have been successfully registered and queried using this matchmaker from the mobile framework. We intend to work towards enhancing the matchmaking algorithm by considering the preconditions and effects in the near future.
